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The state estimate identifies two main agricultural sources

Shares of estimated agricultural emissions in 2023 (%)

Other agricultural sources - 12
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[1] NMED / ERG (2026), Tables 2—3; Fig. 3
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NMED reports lower absolute agricultural emissions
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Agriculture has made great progress!

Increases in production efficiency have helped reduce emissions
(especially per unit of product - called Intensity)

-10%

More C to Milk and Meat ho pays?
means less Cto CH,

NM agricultural emissions More food per unit of input re allimprovements on the
reduction from 2005-2023 Efficiency = SUSTAINABILITY | [back of producers — even if there
is no gain other than GHG?
INM agricultural emissions have Better breeding, feeding, and NRCS Programs (EQIP) and qualifying
decreased by 10% in the NMED rop management have reduced arbon Credits (CTFS) may help.
GHG Emissions Inventory data. he resources needed per pound
f product produced hallenge: scale (fitting scale of NRCS
programs to scale of Industry)

[1]1 NMED / ERG (2026), Tables 2—3: Fig. 3
[8] USDA ERS, Nutrient Management, 1996—2010 chart [5] Capper & Cady (2020), doi:10.1093/jas/skz291
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What is enteric methane?

Cows naturally consume fibrous materials —
indigestible to monogastrics — chew and chew
while making cellular content (sugars=energy)
available to the ruminal microbes (bacteria,

. . . _;’-'J - b - = - - ’{ZZ:I . |
protozoa) so that they can build microbial gy .. wicrobial
protein which the cow uses to grow (make . S L/ /. aions
meat) and make milk when lactating. |

L NHy

In that natural process cows produce
byproducts such as CO,, CH, and NH5/NH,*
which can oxidize to N,O.

These gasses are called Greenhouse Gasses
(GHG) which are implicated in changing the
climate.

Note: more Carbon from feed going to Meat & Milk means less goes to Manure.
This is doing more with less, also referred to as increased efficiency or increased sustainability!
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Biogenic Carbon Cycle

COQ <

Hydroxyl Oxidation
Methane (CHa4) is converted
into carbon dioxide (CO,)
after 12 years through
hydroxyl oxidation

Remember: the Biogenic Carbon Cycle is a
"short-term" natural cycle in which carbon

moves through plants and animals as sugar &

(energy); some is released as CH4, which is

eventually oxidized to CO2 and then taken \

: . Cow manure and belches
up by pIants again thrOUgh phOtOSynth EsIS. \ release carbon (C) as methane (CH,)
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C (carbon)

Carbon (C) is stored as carbohydrates in
plants and consumed by ruminants

Z 4
Q/ CLEAR Center

NM BE BOLD. Shape the Future.
New Mexico State University

aces.nmsu.edu

STATE




NM livestock: more milk per cow

Milk per cow per year, pounds
16.8% more per cow

30000

24,245 24,546 24,743
21,192
20000 230,000 milk cows
430,000 beef cows
10000
January 1, 2026
0

2005 2015 2021 2025

Total NM milk output fell about 25% in 2021-2025. Lower total production is also part of the emissions picture.

[3] USDA NASS, NM bulletins (2006, 2025) [4] USDA NASS, 2025 NM overview (2026 inventory)
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Producing 1 billion kg of milk: 1944 vs. 2007

Requirements in 1944 Animals Water Land Carbon Footprint
B Requirements in 2007 8.

~

ith 37% of
the CO2
produced!

with 21% of with 35% of
the cows! I the water!

New Mexico State University Source: US Innovation Center for US Dairy, 2013



Fifty years of environmental progress for United States dairy farms

Analyzes historical shifts in management, technology, and environmental footprints across US dairy
operations from 1971 to 2020

Production Efficiency
* Milk yield exploded: Milk production per cow increased by 142% (a 2.4-fold increase) over the 50-year period.

* Fewer cows needed: The total US dairy herd shrunk by 22%, dropping from 11.8 million cows in 1971 to 9.2 million
cows in 2020.

e Surging national supply: Total US milk production grew by 88% overall, driven entirely by individual cow efficiency.

Environmental Impact Per Kilogram of Milk (Intensity)

 Carbon footprint down: Greenhouse gas (GHG) intensity decreased by 38% per unit of energy-corrected milk.
e Water conservation: Fossil water use intensity dropped by 44%.
 Land footprint reduced: Total land use intensity decreased by 49%.

* Nutrient efficiency: Nitrogen and phosphorus loss intensities dropped by 38% and 42%, respectively.

* Energy savings: Nonrenewable energy use intensity decreased by 13%.
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Nhat about New Mexico specifically?
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Story: New Mexico Milk per Cow per Day

shing for volume of milk

—
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Pushing for components (protein

Improvements are largely driven by improved feeding
management (nutrition), cow health and cow care,
genetics, housing, employee training and education,
and data management.
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ated GHG emissions - MMT CO2e

--ml'}e }V“erage milk carbon footprint across US dairy farms sits
-- | \1\,01\¢€ CO2e/kg FPCM (Fat- and Protein-Corrected Milk).
\\ \ \

-- estimates enteric emissions at 3.76 MMT CO.e
. U
\ Data obtained from Dr. Al Rotz, USDA ARS based on NM d

- Rotz et al. 2024: https://doi.org/10.3168/ids.2023-24185
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m\enhouse gas (GHG) intensity is the measure of total GHG
'}ssionsreleased relative to a specific unit of economic or physical

y =-0.0047x + 10.462
R?=0.9916

Data obtained from Dr. Al Rotz, USDA ARS based on NM data
Rotz et al. 2024: https://doi.org/10.3168/jds.2023-24185
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on Strategies and GHG Avoidance Potential
for New Mexico Agriculture
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SOIL: Recognized management practices to reduce GHG emissions
Cropping and Soil Sequestration Potential
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Soil: recognhized management practices to reduce GHG emissions
Conservation Tillage (Reduced or No-Tillage)
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Soil: recognized management practices to reduce GHG emissions
Nutrient Stewardship Potential

NUTRIENT STEWARDSHIP POTENTIAL
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Livestock: recognized management practices to reduce GHG emissions
Methane-Inhibiting Feed Additives
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/‘l\ \ | /

DAIRY HERD BEEF FEEDLOT BEEF PASTURE

TMR Feeding Finishing Phase Grazing Phase*

B2 || e || 2
10-15)\ 3-6 /\20-30

MMT CO,e/yea MMT CO,efyear MMT CO,e/year

\

\. WV,

RFor future tech dependeng

GLOBAL RESEARCH ALLIANCE: AGNEXT: FDA CVM:
Additive Evaluation oo/ FACT Calculator Tools 3-NOP Safety Review




Livestock: recognized management practices to reduce GHG emissions
Genetic Improvement

GENETI HANE AVOIDANCE POTENTIAL
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Livestock: recognized management practices to reduce GHG emissions

High-Quality Forage and Ration Optimization
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Manure Management: recognized management practices to reduce GHG emissions

mobic digesters:

e Cover and flare systems: ) https://doi.org/10.1021/acs.est.6c08139

\ Elactricity Current Carbon
l i Avoidance: Existing U.S.
8 dairy AD systems -
o egraded — currently reduce or avoid ()
[Bemetanel - hetween 4.3 to 5.3

Crrgare;

‘L Waste .

> "f, . million metric tons of CO,

Agricultura Anaerobic Digestion LUipgrading the ARG intha eqUivale nt (M MT COze) >
5 Inchstry inthe Biogas plant FlanET STATERON Lipgracer per year'

Liquid manure storage with

Uncovered liquid manure storage
cap and flare

Total Untapped Potential: The EPA AgSTAR program estimates that if AD systems were

deployed across thg roughly 2,700-2,950 at'jc!ltlonal Iarge-scale dglry operatlgns 5.5-10.4 MMT CO,e avoided per year
capable of supporting them, the total remaining technical potential could avoid an
additional 29.9 MMT CO.e per year. 8,675 dairy farms with 100-999 cows - 38 states

e Solid-liquid separation: » Shorter (lagoon) storage and composting:
N 2w~ ' Estimated SLS Avoidance Potential:

Because the liquid infrastructure is less
prevalent overall (<30% of total regional
manure management), widespread

adoption _Of ?ol!d-lqud separat'lo'n ac.ross estimated carbon avoidance of 35% to 55% of
New Mexico's liquid-flushed dairies yields

; P # the farm's total lagoon methane footprint.
Liquid fraction] [ Solid fraction ’ , amore modest statewide carbon B " ‘ For a typical large SW open-lot/flush dairy
avoidance of roughly 0.15 to 0.35 MMT ; milking 3,500 to 5,000 cows, this operational
COze per year. shift translates to an avoidance of

roughly 3,000 to 7,500 metric tons of

args western (SW) dairies (primarily
in Texas and New Mexico), combining shorter
lagoon storage times (frequent cleanouts)
with solid composting can achieve an

Anaerobic Ae‘?gbic
- digestion composting
o a» 4 : |
. Digestate i::g::‘gl : httDS.//dOI.OFE/lO.1021/aCS.est.6C08 139 \(Co_{z}e\) per farm annua"y.

https://doi.org/10.13031/2013.32618



https://doi.org/10.1021/acs.est.6c08139
https://www.epa.gov/agstar/anaerobic-digestion-dairy-farms
https://doi.org/10.1021/acs.est.6c08139
https://doi.org/10.13031/2013.32618

All these potential methane-avoidance strategies may be complementary,
but are NOT necessarily additive.

More research is needed here:
Specific to NM Agriculture, Climate, Soils, & Water conditions.

Validate NM-based models, cropping systems, soil-health opportunities, livestock systems
(dairy and beef), and manure management practices.

Question:
If GHG reductions are considered a global public good to society,
and even mandated in NM (EO 2019-003, net-zero by 2050):

Who will pay for these improvements and investments necessary to achieve these goals?

NM BE BOLD. Shape the Future.
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USDA’s Natural Resources Conservation Service (NRCS) may help:

EQIP: help with installation CSP: annual support
Environmental Quality Incentives Program Conservation Stewardship Program
Eligible manure, nutrient and irrigation practices. Five-year contracts support existing and

_ added conservation.
Percentage of the selected scenario cost.

Actual farm bills can be higher.

Challenge in New Mexico: funding for many NRCS assistance can be combined with
NRCS-approved practices doesn't match the compatible CC revenue.
scale of operations in New Mexico.

[18] USDA NRCS, New Mexico EQIP
[20] USDA NRCS, 7 CFR 1466.56, credit compatibility [19] USDA NRCS, Conservation Stewardship Program

BE BOLD. Shape the Future.
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https://www.nrcs.usda.gov/programs-initiatives/environmental-quality-incentives-program/new-mexico/environmental-quality
https://www.nrcs.usda.gov/programs-initiatives/conservation-stewardship-program
https://directives.nrcs.usda.gov/sites/default/files2/1716212715/530.420D%20EQIP%20Regulation.pdf

New Mexico’s CTFS (Clean Transportation Fuel Program) could
potentially help producers to trade carbon offsets not only tied to fuel:

* Direct Revenue Opportunities
* Biogas & Methane Capturing to generate pipeline RNG+
e Biofuel Feedstock Markets: crop feedstocks for biofuel
 Climate-Smart Ag Credits: credits for on-farm carbon reduction practices (like cover

crops, precision fertilizer use, and no-till farming)
e Other GHG reduction practices: NRCS-approved practices, based on NM research, novel
technologies, recognition of increased efficiencies as GHG reductions and offsets.

Serious questions remain about Carbon Credit price volatility
in relation to the costs of technologies and operations

NM BE BOLD. Shape the Future.
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Looking forward to 2050: another 9% required from Ag: Doable?

Table 6. Implementation Scenario Emissions by Sector

Base Year Most Recent Short Term Long-Term
Emissions Inventory Year Implementation Implementation
(2005) Emissions (2023) Scenario Year Scenario Year
(MMTCO:ze) (MMTCO:ze) (2030) (MMTCOze) | (2050) (MMTCO:ze)
Industry 47.72 37.53
Transportation 15.85 17.24 . 5
Agriculture, Forests, \0
and Wilderness 11.15 10.07
Electricity Generation 16.33 6.60 4.29 0
Commercial and
Residential Buildings 4.07 4.05 3.52 0.07
Waste and Materials 132 1.05 0.36 0.33
Management
GHG Emission Reduction Measures and Implementation Scenario Projections 27

[2] NM Climate Action Plan (2025), Fig. 5; Tables 6, 47—48
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Can agriculture reach the next goalpost? 10% since 2005

CAP sector grouping, million metric tons CO,e - )
2030: 6% additional improvement

2050: 9% additional improvement

12
10.07 9.47 9.15
8
Critical: NRCS support, fuel, but more
4 importantly, non-fuel-related carbon credits and
possibly other incentives to offset the cost of
0 implementation
2023 2030 2050
estimate model model
[2] NM Climate Action Plan (2025), Fig. 5; Tables 6, 47-48 [16] NMED, 20.2.92 NMAC, §§202, 301, 701

[18] USDA NRCS, New Mexico EQIP
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https://service.web.env.nm.gov/urls/dagLwNOz
https://service.web.env.nm.gov/urls/dagLwNOz
https://prod-rf-lambda.rtssaas.com/PublicFiles/d89c47bd0d70402dba89b03a22bda6d1/2009aa19-c548-4aa0-9ad4-71b7e7507f12/20.2.92.html
https://prod-rf-lambda.rtssaas.com/PublicFiles/d89c47bd0d70402dba89b03a22bda6d1/2009aa19-c548-4aa0-9ad4-71b7e7507f12/20.2.92.html
https://prod-rf-lambda.rtssaas.com/PublicFiles/d89c47bd0d70402dba89b03a22bda6d1/2009aa19-c548-4aa0-9ad4-71b7e7507f12/20.2.92.html
https://www.nrcs.usda.gov/programs-initiatives/environmental-quality-incentives-program/new-mexico/environmental-quality

Algae Cultures
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Photosynthesis
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> e&uent

Reuse of Biomass as
fertilizer/digester feed

Algae Reactor System to Capture Nutrients

Solid separation or Anaerobic Digestion (AD) can be added before ghe
algae step. AD can also produce pipeline-quality renewable

Water Treatment

Enhance Soil Quality

Recycled N&P

Reduce GHG Emissions

NMSU Dairy Extension
Prepared by: Drs. Joyce
Marumo;

Robert Hagevoort.
Contact: jim13@nmsu.edu,
dairydoc@nmsu.ed

Validating Novel & Nature-
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Qossible reuses: soil amendment, fertilizer, feed ingredient, or digester input



Validating Novel & Nature-Based Solutions:

Vermiculture: How Worm Power Could Save Water, Reduce Emissions, and Restore Soil Health, converting Livestock Manure into vermicompost and clean water

Vermicompost
A blend of worm castings
and woodchips, enriched

with diverse microbial

communities.

NI
Vermi Mulch
Wood chips enriched with worm
castings during a two-year
process to get a dark, refined
look—protecting and inoculating

Worm Castings

Nature’s perfect soil enhancer,
packed with nutrients and

beneficial microbes to nourish
plants and improve soil health.

your soil.

Live algae

Dried algal,
pellets

Live algae
suspension

Live algae
granules

Algal extracts
powder

Residue algal
biomass

Raw/processed
algal biomass

KELP MEAL

id -

Solutions that integrate sustainable (efficient) livestock production, providing economic returns for NM farmers while protecting the environment.
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